Experiments were performed on open-chest dogs. In the in situ heart, electronic circuits were used to simulate atrioventricular (AV) bypass pathways as they are found in the preexcitation syndrome. Bipolar electrograms were recorded from the atria, His bundle, Purkinje system, and ventricles. A Systron-Donner SD-80 computer was used to simulate conduction over the Kent or the James bundle and over Mahaim fibers. The electronic bypass circuits had the properties of an excitation threshold, conduction delay, and refractoriness and the ability to conduct in the antegrade or retrograde directions. Simulated lateral accessory AV pathways at various regions of the base of the left and right AV margin produced electrocardiogram (ECG) patterns corresponding to type A, type B, and intermediate types of the Wolff-Parkinson-White syndrome. Stimulation of the ventricular septum along that region of the His bundle corresponding to Mahaim fibers did not produce prominent delta waves or obvious fusion of ECG complexes when the timing of ventricular septal stimulation was coincident with His bundle activation or preceded it by 18 msec. The characteristics of the fusion beats during introduction of premature atrial beats and during phasic changes in vagal tone were also investigated. Retrograde conduction through a simulated Kent bundle caused the development of a self-sustained supraventricular tachycardia. Spontaneously occurring echo beats during simulated preexcitation exhibited distorted ECG complexes and verified the possibility of a nodal reentrant atrial tachycardia with rapid antegrade conduction over the Kent bundle. The danger of atrial tachyarrhythmias in individuals with preexcitation was demonstrated by showing that, with the proper conduction parameters across a bypass tract, atrial fibrillation could lead to ventricular fibrillation.
. Indirect support for the existence of lateral bypass tracts in man has been provided by studies in which preexcitation was eliminated by surgical interruption of the atrium and ventricles at the site where electrophysiological studies on the sequence of ventricular activation demonstrated preexcitation to exist (3, 4) . It has been postulated that shortening of the P-R interval by accessory bypass tracts around the AV node (James fibers) in association with Mahaim fiber activation of the ventricular septum may result in an electrocardiogram representing preexcitation (5) . However, direct electrophysiological and anatomical confirmation of the latter hypothesis has not been reported. Since detailed electrophysiological studies in patients with preexcitation are rarely performed, and since animals with the preexcitation syndrome are even more rarely encountered, we decided to study preexcitation using an animal model with an electronically simulated accessory AV bypass. Butterworth and Poindexter had previously demonstrated the possibility of such a model of the Wolff-Parkinson-Wbite syndrome (6) .
The present study investigated (1) the morphology of delta waves and QRS complexes resulting from preexcitation at different ventricular sites, (2) the experimental initiation of supraventricular tachyarrhythmias, and (3) the effects of interpolated premature atrial beats and vagal stimulation on the dysrhythmias and ECG morphology accompanying preexcitation.
Methods
The experiments were performed on 17 dogs of either sex, anesthetized with sodium pentobarbital (30 ing/kg, iv) and maintained on controlled positive ventilation. The hearts were exposed by a right thoracotomy in the fifth intercostal space. Bipolar plunge electrodes were used to record and to stimulate the atrium, the His bundle, the free wall of the right and left ventricles, and the ventricular septum. A Systron-Donner SD-80 analog-logic computer was used for electronically simulating an accessory AV bypass pathway. Amplitude-comparator circuits were used to simulate safety factors for AV conduction by triggering at selected voltages of the electrogram. Variable-delay circuits permitted variations in the Ruiarcb, Vol. XXXI, Augujt 1972 time between the recorded atrial, His bundle, or ventricular electrograms and the applied atrial or ventricular stimulus, i.e., variations in the conduction time over the accessory pathway could be programed. The range of conduction delays was such that preexcitation could be programed to occur from 100 msec before normal His bundle activation to 40 msec after His bundle activation (see Results and Fig. 1 for detailed discussion) . The x, y, and z scalar electrocardiograms were recorded using the Wilson tetrahedron scalar lead system or the McFee vectorcardiogram lead system, as described previously (7) . The cardiac electrograms, the time of occurrence of ventricular preexcitarion, and the electrocardiograms were displayed simultaneously on an eight-channel oscilloscope and photographed on 35-mm film. In some experiments the data were recorded on analog tape with an Ampex FR-1300 tape recorder. Electrical stimuli were delivered to the The arrangement of the electronic bypass circuit and the location of the stimulating and recording electrodes used for simulating the •preexcitation syndrome. RA indicates the right atrial differential recording amplifier. The comparator (Comp) and delay circuitry provided the safety factor and conduction time for the bypass. BH indicates the His bundle recording site. BK indicates the stimulating site for the simulation of Kent bundle conduction. The numbered circles, 1-6, indicate the stimulating sites for the simulation of Mahaim fiber conduction. atria, His bundle, and ventricles by a 31-channel digital stimulator, which could be variably programed. 1 Figure 2A presents x, y, and z scalar electrocardiograms (ECG) and frontal and left sagittal vectorcardiograms (VCG) obtained in a dog with spontaneously occurring type A Wolff-Parkinson-White syndrome. In Figure 2B , the same ECG and VCG recordings are shown from an experiment on a normal dog in which the base of the right ventricular free wall was preexcited at the same location (posterior AV margin) and time after the onset of the P wave as occurred in the dog with spontaneous preexcitation. There are minor differences between the spontaneous and the simulated preexcitation electrocardiographic wave forms, primarily in the y scalar lead. However, the similarities of !The stimulator was constructed by Murray Bloom, Philadelphia, Pennsylvania. the delta waves in the x and z leads and the VCGs are quite apparent. Of course, one would not expect the scalar ECG and VCG to be completely identical due to normal variations in individual canine ECGs and possible effects of the thoracotomy. Thus, preexcitation of the posterior AV margin of the right ventricular base results in prominent delta waves characteristic of type A preexcitation.
Results
The time of occurrence and the site of preexcitation at the base of the right and left ventricular free walls was varied in other experiments. Perhaps not surprisingly, one can produce pure type A or type B preexcitation and a wide range of intermediate types of preexcitation, as manifested in the ECG. These results are reported in an article correlating the site of preexcitation as determined at surgery in man with simulation studies in dogs (2). James (8) , Massumi (9) , and other investigators believe that many clinical cases of preexcitation in man result from a combination of early septal excitation by Mahaim A comparison of spontaneous and simulated Wolfi-Parkinson-White syndrome in the dog. A: ECGs and VCGs of a dog which exhibited spontaneous preexcitation of the base of the right ventricular free wall. B: Similar data recorded from a dog in which preexcitation was experimentally produced by stimulating the base of the right ventricular free wall using an electronic bypass. In both A and B, the Wilson tetrahedron system scalar ECGs are indicated by x, y, and z. The frontal and left sagittal VCGs are indicated by F and LS, respectively. fibers associated with abbreviation of the P-R interval due to AV nodal bypass fibers (James fiber). Although this is an attractive hypothesis, it has not been possible to date to provide the same direct anatomical and electrophysiological evidence for this hypothesis as was recently presented to support preexcitation associated with lateral accessory pathways (2) (3) (4) . Since anatomical and electrophysiological correlative studies of the role of Mahaim fibers in the preexcitation syndrome have not been performed, we simulated the presence of Mahaim fibers by sensing from an atrial electrogram and then stimulating various regions of the ventricular septum at various times following the recorded atrial and His bundle electrograms ( Fig. 1 ). Figure 3 presents the electrograms recorded from the His bundle and from an electrode located near the His bundle at site 6 of Figure 1 . The His An example of bipolar electrograms recorded from the His bundle (BH) and ventricular septum (VS) in the region of the His bundle. V 10 indicates the simultaneously recorded lead V s0 ECC. In the His bundle electrogram, a indicates the atrial septal spike, h indicates the His bundle spike, and v indicates ventricular septal activation. The ventricular septum electrogram is recorded at a higher gain than the His bundle electrogram. The electrode which was used to record the ventricular septum electrogram was used as a stimulating electrode to simulate the Mahaim fiber conduction that is presented in Figure 4 . The site of the ventricular septum electrode corresponds to site 6 in Figure 1 . The timing signal (T) indicates 10-msec intervals.
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bundle and ventricular septum electrograms contain three components: an initial atrial spike, the middle His bundle spike, and the ventricular septal activation. It is clear from the small His bundle spike recorded in the ventricular septum electrogram that this electrode was located near the His bundle. Lead V 10 is the scalar z lead of the Wilson tetrahedron system. The ventricular septum electrode was subsequently used to stimulate the ventricular septum before, simultaneously with, and following the occurrence of the His bundle potential.
In Figure 4A , B, and C a His bundle electrogram was recorded simultaneously with the x, y, and z scalar electrocardiograms (leads I, aVF, and Vi 0 , respectively) of the Wilson tetrahedron system. Figure 4A shows control recordings during normal sinus rhythm. Figure 4B presents superimposed tracings recorded during sinus rhythm as in A and following preexcitation of the ventricular septum at site 6 ( Fig. 1 ) through the ventricular septum electrode ( Fig. 3 ). Stimulation at the ventricular septum electrode site occurred at the same instant in time that the His bundle depolarization was registered in the His bundle electrogram. This is shown by the appearance of a stimulus artifact which occurs at the same time the His bundle potential is inscribed. In this case, stimulation through the ventricular septum bipolar plunge electrode clearly stimulates the ventricular septal muscle prematurely, as shown by the difference in the septal potentials in the His bundle electrogram between Figure 4A (without septal preexcitation) and Figure 4B (following septal preexcitation). However, with preexcitation of the septum coincident with His bundle activation, no delta wave or other evidence of ventricular preexcitation occurred in leads I, aVF, or V 10) i.e., the Wilson tetrahedron x, y, and z scalars.
As a further test to determine whether preexcitation of the ventricular septum could result in the manifestation of a delta wave in the ECG, the experiment of Figure 4B Figure 1 . The electrogram recorded by this electrode is shown in trace VS in Figure 3 . A: Control situation with a His bundle electrogram (BH) recorded simultaneously with the x, y, and z scalar leads of the Wilson tetrahedron system (labeled I, aVF, and V 10 , respectively). B: Superimposition of control records and records obtained MOORE, SPEAR, BOINEAU the ventricular septum occurred even earlier than the inscription of the His bundle potential, there was a small variation in the initial forces inscribed in the lead Vi 0 ECG. Lead I and lead aVF ECGs increased in amplitude, also indicating that ventricular activation was different from that for the sinus response. Thus, these studies suggest that activation of the ventricular septum via Mahaim fibers originating from the common His bundle or proximal bundle branches may not result in prominent delta waves. However, amplitude changes may occur in the presence of ventricular septal preexcitation, as shown in leads I and aVF in Figure 4C . Stimulation of sites 1-5 in Figure 1 yielded data similar to those described in Figure 4 for site 6.
In Figure 5 the effects of variations in the degree of ventricular fusion due to either acceleration in conduction over the electronic bypass ( Fig. 5B ) or a delay in conduction over the normal AV transmission system ( Fig.  5C ) was investigated. Figure 5A shows superimposed tracings with and without preexcitation at the base of the right ventricle. The time of depolarization of the atria, His bundle, and left Purkinje fiber were unaltered by the preexcitation which occurred 10 msec before His bundle activation. However, ventricular fusion was indicated by the increased amplitude of the R wave in the lead II ECG and by the fact that the interval between the His bundle spike and the ventricular septal spike was shortened by 9 msec in the His bundle electrogram.
In the superimposed records of Figure 5B , preexcitation preceded His bundle activation by 30 msec and was 20 msec earlier than it was in Figure 5A . In this case, the atrial to His bundle spike interval remained unchanged, but the His bundle to ventricular septal spike interval was reduced to 13 msec and the His bundle to left Purkinje fiber spike interval was reduced from 25 msec to 18 msec. The His bundle spike also occurred 13 msec after the beginning of the inscription of the QRS complex. These data indicate that, although this degree of preexcitation of the right ventricular base was not early enough to invade the His bundle in the retrograde direction, activity did enter the Purkinje system.
Thus, any perturbation that influences conduction time over either the accessory pathway ( Fig. 5B ) or the normal AV transmission system ( Fig. 5C ) can markedly influence the degree of fusion associated with preexcitation. Variation from QRS complexes without evidence of preexcitation to complete premature ventricular QRS responses resulting from activation over only the accessory pathway can occur. This is further demonstrated in Figure 6 .
In Figure 6 , phasic variation of conduction time over the normal AV transmission system resulted from a 100-msec burst of ten stimuli applied to the cut peripheral end of the left vagus. This illustration is presented to demonstrate one possible mechanism of the concertina effects observed in cases of preexcitation, i.e., phasic variations in the degree of preexcitation resulting in varying degrees of fusing of the QRS complex. Electrograms were recorded simultaneously from the right atrium, His bundle, and right ventricular apex; a lead II ECG was also recorded. The QRS complex which occurred at the time of vagal stimulation was not altered since AV and accessory bypass conduction times were unchanged. The next QRS complex that occurred 400 msec after vagal stimulation was markedly aberrant. It was demonstrated that ing preexcitation. B: The superimposed records show the control situation and the case where preexcitation is 20 msec earlier than in A. C: Effect on preexcitation of delayed conduction accompanying a premature atrial beat. The timing of the preexcitation is indicated by the signal (S), and the preexcitation is at a fixed coupling interval with the right atrial electrogram. The third right atrial complex in the record is premature.
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FIGURE 6
The effect of phasic changes in vagal tone on preexcitation during simulated Kent bundle conduction. Bipolar electrogToms were used to record from the right atrium (RA), His bundle (BH), and right ventricle (RV). A lead II ECG (II), is also presented. K indicates the timing of the stimulation of the right ventricular base causing the preexcitation. In the K signal, V indicates the timing of peripheral vagal stimulation. In the Hi? bundle electrogram H is the His spike and S is the ventricular septal spike. The timing signal (T) denotes 100-msec intervals.
this QRS configuration (third QRS complex in Fig. 6 ) resulted from ventricular activation over the accessory pathway and His bundle, i.e., a fusion beat with collision occurred. Conduction through the AV node at this time was delayed 25 msec by vagal activity, as shown by the increased right atrium to His bundle spike interval. Note also that the His bundle spike was still of antegrade configuration but now occurred during the inscription of the R wave and that the His bundle to septal spike interval in the His bundle electrogram was shortened by 25 msec (61 msec vs. 36 msec). The fourth QRS complex in Figure 6 also shows evidence of more preexcitation than do the first two QRS complexes. Again this results from increased AV nodal conduction time caused by vagal influences on nodal conduction which still persist 750 msec after direct stimulation of the vagus. The last QRS complex in Figure 6 (fifth beat) is similar to the initial two beats. Thus, one possible mechanism of concertina variations in preexcitation may involve the phasic effects of autonomic activity on conduction times over the normal and accessory AV transmission systems. Although preexcitation usually causes the QRS complexes to be aberrant, it is also possible for activation over accessory AV bypass fibers to result in "normalization" of QRS configurations: for example, preexcitation of the right ventricular base was demonstrated to normalize a right bundle branch block configuration.
One characteristic of the preexcitation syndrome is the common occurrence of supraventricular arrhythmias. Figure 7 demonstrates experimental initiation of a supraventricular atrial tachycardia. In this experiment the electronic accessory bypass system was arranged to permit retrograde ventricularatrial conduction as well as antegrade AV conduction. Butterworth and Poindexter performed similar studies (6) . The electronic bypass circuits were activated at the third QRS complex. At that time, normal AV conduction over the AV node and ventricular specialized conduction system resulted in the normal spread of ventricular activation from apex to base. However, once activity spread to the right ventricular base, retrograde excitation of the atrium occurred over the electronic accessory bypass circuits. By setting an appropriate delay time between sensing of the right ventricular electrogram and excitation of the atrium (67 msec), it was possible to initiate a reentrant supraventricular tachyarrhythmia. That is, when retrograde ventricular atrial conduction time over the simulated bypass system was sufficiently long to permit recovery of the normal AV conduction system, then antegrade conduction over the normal RA-+ Supraventricular tachycardia during retrograde conduction over a simulated Kent bundle. Bipolar electrodes were used to record from the right atrium (RA), His bundle (BH), and right ventricle (RV). A lead II ECG (II) is also presented. In the record labeled S, the signals indicate the timing of right atrial stimulation during simulated retrograde conduction over a Kent bundle. The two bars below the S record indicate 100 msec.
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AV conduction system permitted a reentrant atrioventricular-atrial arrhythmia to be sustained, as shown in Figure 7 . Note the normal configuration of the QRS complex, indicating normal ventricular activation. Also, note that the R-P interval is short and the P-R interval is prolonged, as usual in arrhythmias in people with the Wolff-Parkinson-White syndrome. Boineau and Moore (3) have direct electrophysiological evidence from mapping studies in patients with the Wolff-Parkinson-White syndrome for the occurrence of such an atrioventricular-atrial arrhythmia in man.
Most cardiologists agree that supraventricular arrhythmias in patients with preexcitation are usually due to ventriculoatrial reentry over the accessory pathways. An interesting question is whether supraventricular arrhythmias associated with preexcitation may not in some cases be due to reentry only within the AV node with atrioventricular conduction over the accessory pathway. The experiment illustrated in Figure 8 strongly suggests that reentry only within the AV node may occur in association with preexcitation. Electrograms were recorded from right atrium, His bundle, and right ventricle simultaneously with a lead II ECG. Preexcitation of the right ventricular base occurred 80 msec after the atrial electrogram. The first right atrial beat in Figure 8 appears to be nearly normal without a delta wave even though ventricular preexcitation is present. The second right atrial beat in Figure 8 is an early atrial premature contraction. The second QRS complex is aberrant because block of the second atrial beat within the AV node allowed complete conduction over the electronic bypass tract. The second His bundle spike is a retrograde complex verifying that antegrade conduction over the AV node did not reach the ventricle. The third atrial complex in Figure 8 is not due to retrograde conduction from the second ventricular complex but is an atrial reentrant echo from the second atrial beat. This was verified by the fact that it still occurred even in the absence of ventricular preexcitation. The result of this atrial echo was again antegrade conduction over the accessory bypass pathway producing the third aberrant ventricular complex and the third retrograde His bundle complex. The tachyarrhythmia was not sustained in this dog because, unlike man, it is exceedingly rare to find more than one or two reentrant atrial beats in the dog (10). However, Figure 8 does present the possibility that, in patients with Wolff-Parkinson-White syndrome, a sustained supraventricular tachyarrhythmia may occur with reentrant atrial echoes within the AV node and aberrant conduction to the ventricles over the bypass tract. Figure 9 points out that atrial fibrillation in the presence of accessory bypass fibers may lead to ventricular fibrillation. Ventricular fibrillation can result from several initiating mechanisms, i.e., a premature response developing within the vulnerable period or an K RA' T T FIGURE 9 Atrial fibrillation leading to ventricular fibrillation in the presence of simulated preexcitation over the Kent bundle. Bipolar electrodes were used to record from the right atrium (RA) and the right ventricle (RV). A lead II ECG (II) is also presented. The signal (K) indicates the timing of the electronic bypass activation. The timing bar at the lower right indicates 100 msec.
accelerating ventricular rate which exceeds the one-to-one response time of ventricular fibers. If the interval between two or more responses propagated over the accessory pathway is brief, then rapid atrial responses may be conducted to the ventricles bypassing the usual filtering (concealment) which normally is provided by the AV node. This can result in fibrillation.
Discussion
In this study, by using electronic circuits to stimulate AV bypass fibers as they are found in the preexcitation syndrome, we have attempted to demonstrate that (1) lateral accessory bypass tracts activating the base of the right or left ventricle will result in various ECG patterns of ventricular preexcitation, (2) preexcitation of various portions of the base of the ventricular septum at different time intervals before, concurrent with, or following the inscription of the His bundle electrogram often does not cause prominent delta waves to be recorded in the ECG, and (3) variations in configuration of the ECG and the delta wave occur when conduction time over the normal AV transmission system is changed relative to conduction time over an accessory bypass system by introducing atrial premature contractions or by vagal stimulation. Also some of the various arrhythmias commonly observed in patients with preexcitation were simulated.
Numerous studies have now demonstrated that preexcitation at the ventricular base of patients with the Wolff-Parkinson-White syndrome can account for the ventricular fusion beat observed in these patients (2) (3) (4) (11) (12) (13) . The more recent clinical and experimental studies of Boineau et al. (2, 3) have indicated the wide variations in QRS configuration associated with preexcitation at different sites on the right and left ventricles. The direct mapping studies in seven patients with Wolff-Parkinson-White syndrome support the concept of lateral accessory bypass fibers being present (3) . The recent histological demonstration of anatomical tracts located at the precise area where preexcitation was found using electrophysiological techniques in the dog and monkey further substantiates the presence of lateral accessory bypass tracts that are responsible for the ventricular fusion beats observed in preexcitation (3) . The occurrence of lateral accessory bypass tracts (Kent bundles) in some cases of preexcitation, therefore, appears well established.
Collaborative electrophysiological and anatomical studies are required before the hypothesis that a combination of shortening of the P-R interval by James fibers along with production of a delta wave via premature activation of the ventricular septum over Mahaim fibers can be established as a mechanism for the preexcitation syndrome. Since it has not been possible to obtain animals or patients with preexcitation requiring thoracic surgery, who also have electrophysiologically functioning James and Mahaim fibers, we decided to simulate this type of preexcitation, using electronic circuits. Figures 3 and 4 demonstrate the results of a typical experiment in which Mahaim fibers were simulated. One would anticipate that if the base of the right ventricular septum was activated a type B preexcitation complex would be recorded and that a type A preexcitation complex would be recorded following left ventricular septal excitation. However, prominent delta waves were not observed in any of the five dogs in which Mahaim fiber simulation was done. Several possible reasons may account for the lack of delta waves being observed with preexcitation of the ventricular septum. First, the excitation which originated from the small punctate electrodes used experimentally to stimulate the base of the ventricular septum may have resulted in too small an excitatory wave front to be manifested in the ECG. Another possibility is that the wave front on the ventricular septum was closed because it originated from the middle of the septum. The experimental simulation studies on preexcitation of the ventricular septum suggested that preexcitation may be present without any manifestation in the external limb lead electrocardiogram. These experimental studies simulating Mahaim fibers point out the necessity for completion of electrophysiological studies in patients with preexcitation and suspected Mahaim fibers. They also suggest that in patients with suspected Mahaim fibers surgical interruption of these bypass tracts may be considerably more difficult than it is in patients with lateral accessory pathways, due to the difficulty in mapping the ventricular septum and the necessity of cardiopulmonary bypass during the entire mapping procedure.
A new field for studying various cardiac arrhythmias in patients has developed following the introduction of catheter techniques for atrial and ventricular pacing and for recording of the His bundle electrogram. Numerous studies on patients showing the preexcitation syndrome are now being reported. Figure 10 is a graph demonstrating some of the expected manifestations of the effects of changes in AV nodal or AV bypass track conduction, or both, produced by atrial premature contractions, vagal stimulation, or drugs on the recorded ECG of patients with preexcitation. As the atrial premature contraction is made progressively earlier, initially no change is noted in the recorded ECG in the degree of preexcitation since conduction time through the AV node and Kent bundle is not changed, i.e., both fall on the 45° line. However, when the atrial premature contraction is evoked early enough to cause conduction time over either the AV node or the The effect of premature atrial beats on conduction through the AV node and through an accessory bypass tract. On the abscissa the AJAJ interval is the coupling between the last of a series of basic heart beats and a premature atrial beat. On the ordinate are the corresponding HjH 2 intervals between recorded His bundle activations and KjKr, intervals between electronically elicited Kent bundle electrograms. At A conduction over the AV node begins to delay, and at B conduction over the Kent bundle begins to delay. The A,A S intervals indicated by C are the intervals which may exhibit the gap phenomenon in AV conduction. The stippling indicates regions of ventricular fusion. The shaded area indicates AjA s regions producing complete ventricular premature beats. simulated lateral bypass tract to prolong, then changes are noted in the delta wave and the inscribed ECG wave form. The arrow at A in Figure 10 indicates the latest atrial premature contraction where AV conduction delay started to occur in the AV node. As the atrial premature contraction is evoked progressively earlier at intervals from 235 msec to 200 msec (between A and B), conduction time continues to slow through the AV node without any change in conduction time over the simulated lateral AV bypass system (Kent bundle); this may result in a more prominent delta wave being recorded in the ECG (Fig. 5C ). In fact, the QRS complex may not even have a delta wave despite the presence of functioning AV bypass fibers, until an atrial premature contraction is induced sufficiently early to cause a phasic shift in conduction time over the normal pathways. When atrial premature 184 MOORE, SPEAR, BOINEAU contractions are evoked between 180 msec and 195 msec as indicated by the bar under C in Figure 10 , several things may occur as far as the recorded ECG is concerned. First, conduction may suddenly fail through the AV node, i.e., functional branch block or the "gap phenomenon" may occur. If conduction through the AV node fails while conduction still occurs over the lateral accessory pathway, then a premature ventricular contraction would be recorded. However, if conduction over the lateral accessory pathway fails, then completely normal QRS complexes may be observed with these atrial premature contractions. As the premature contractions are evoked still earlier only premature ventricular QRS complexes occur, resulting from conduction time being excessively delayed through the AV node relative to the accessory bypass tract. In our experiments on the dog we found that complete premature ventricular complexes (nonfusion beats) result when accessory bypass tract activation precedes His bundle activation by more than 30-45 msec. If bypass activation follows His bundle activation by more than 20 msec fusion does not occur. The time during ventricular depolarization when preexcitation occurs over the accessory bypass tract will govern the degree of fusion normally present and determine whether preexcitation is increased or absent during premature atrial stimulation and drug administration. Thus, Figure 10 demonstrates that either atrial premature contraction or differential alterations of the conduction time of the accessory pathway and AV node by vagal stimulation or drugs, or both, bring out the presence of preexcitation.
The necessity of determining the existence of preexcitation was demonstrated in Figure 9 , in which atrial fibrillation in the presence of preexcitation resulted in ventricular fibrillation. Since rapid atrial pacing has been suggested for treatment of various intractible cardiac arrhythmias, it would certainly seem wise to determine the possibility of preexcitation before any atrial pacemaker is inserted in a patient. Figure 9 experimentally supports the recent clinical studies in which atrial fibrillation resulted in ventricular fibrillation in the presence of preexcitation (3) . It is interesting that many patients with preexcitation fail to have ventricular fibrillation when atrial fibrillation develops. This may be because the preexcitatory pathway has an insufficiently short functional refractory period for conduction to repetitively excite the ventricle sufficiently early in the vulnerable period to induce ventricular fibrillation. Even stimuli 3-5 times diastolic threshold applied during the vulnerable period (or alternatively, stimuli applied at rates too rapid for one-toone ventricular responses) often fail in normal hearts to cause ventricular fibrillation (unpublished data). Ventricular fibrillation routinely occurs if myocardial ischemia, premature ventricular responses, or certain cardiogenic drugs are present. This suggests that in patients with myocardial disease associated with preexcitation, a higher risk may be present for atrial fibrillation to produce ventricular fibrillation.
Butterworth and Poindexter (6) have already demonstrated that various types of supraventricular arrhythmias can be experimentally initiated using electronic circuits to simulate AV bypass tracts. The additional possibility of supraventricular arrhythmias in the presence of preexcitation developing from mechanisms within the AV node only (atrial echoes) and not involving the preexcitation tracts has been suggested by the present experiments.
